Introduction. The associations of drugs that may interact with the statins resulting in elevated serum concentration of the statins are an important risk factor for statin induced muscle disorders. We aimed to determine the prevalence of these associations in all hospitalized patients that had been prescribed statins before/during hospitalization and to find out how often they are associated with muscle-related side effects.
INTRODUCTION
In the past 2 decades, the utilization of statins for their cholesterol-lowering and pleiotropic effects has increased considerably. Following their increased utilization, controversies arose on their prescription patterns due to safety concerns [1] [2] [3] [4] [5] [6] [7] . Common adverse effects of statins include dyspepsia, flatulence, constipation, generalized gastrointestinal discomfort, elevated transaminase levels, myalgia, headache, sleep disorders and central nervous system disturbances [8] . The main safety concerns related to the use of statins are the muscle-related side effects of variable intensity. The mild and moderate myopathies (e.g. myalgia, limb weakness) are relatively common among statin users [9] , the numbers ranging from 1% to 5% of patients in the statin groups and placebo groups alike in randomized controlled trials of statin efficacy [8, 10] . In observational real-life studies the rate is up to 10% [9] . The rhabdomyolysis (muscle symptoms associated with a creatine kinase [CK] level 10 times the upper limit of normal or higher) is the most severe statin-induced muscle disorder, with a rare frequency (0.1-0.6%) [11, 12] .
The risk factors associated with statininduced myopathy include a history of muscle symptoms or elevated CK, hypothyroidism, female sex, older age, renal and hepatic insufficiency, diabetes, excessive alcohol consumption, and concomitant use of drugs that increase the serum concentration of statins [13] [14] [15] [16] .
As statins (except pravastatin and rosuvastatin) undergo the CYP3A4 metabolism [17] , coadministration with drugs that are either CYP3A4 substrates or inhibitors increases the bioavailability of the statins (simvastatin, lovastatin, atorvastatin and to a lesser extent fluvastatin) by inhibiting the hepatic first-pass metabolism [18] . The concomitant therapy with CYP3A4 substrates/inhibitors was found in up to 30% of the patients prescribed with CYP3A4 metabolized statins in a study performed in the United Kingdom [19] . Moreover, approximately 4% of the patients on statin therapy reporting muscle pain in a US survey used medication that inhibits the CYP3A4 [20] .
Some of the inhibitors and substrates of CYP3A4 (e.g. clarithromycin, erythromycin, cyclosporine) may also inhibit the organic anion transporting polypeptide 1B1 (OATP 1B1) and some (e.g. amiodarone, ticagrelor, fluvoxamine) may inhibit the P-glycoprotein (P-gp) leading to an increased systemic exposure to the statin and subsequently to an increased risk of myopathy.
Fibrates are another drug class that can induce muscular disorders, so their association with statins increases the risk for developing such disturbances by additive mechanism [21] .
As the incidence of statin-induced myopathy was reported higher in real-world patients [22] , we chose to study statins' drug-drug interactions (DDIs) that may lead to muscle-related side effects in hospitalized patients in a non-interventional prospective manner.
Objectives
The main purpose of our study was to determine the prevalence of statins' potential DDIs (pDDIs) in all hospitalized patients that had been prescribed statins before/during hospitalization. Secondly, we aimed to find out how often these pDDIs result in muscular effects.
MATERIAL AND METHODS

Study design and patients
We conducted a prospective, non-interventional study in two internal medicine departments with a total bed capacity of 100 patients, for 8 weeks (November 2014 -January 2015). We included all patients whose medical charts were available for review on every Tuesday of the study weeks and had a documented statin treatment before or during hospitalization (up to that date) for the analysis of pDDIs. DDIs with clinical outcome were analyzed in patients with statin treatment before hospitallization. All statins on the market in 2014 in our country were included in the study (atorvastatin, fluvastatin, rosuvastatin, pravastatin, lovastatin and simvastatin).
The study protocol was approved by the University of Medicine and Pharmacy Cluj-Napoca Ethics Committee.
Study protocol and data collection
Information on patients' demographics, medical history, diagnosis and symptoms at admission, medicines used 1 month before admission and during hospitalization (start and end dates, doses), and relevant laboratory tests results (CK, hepatic transaminases, creatinine and urea) was collected through chart review.
In addition, we interviewed all patients that had been prescribed statins, either before admission or during hospitalization. The information gathered during the interview included the list of prescription drugs and self-medication before admission (for confirmation of the data from the charts). In addition to structured questions, questions such as "Did you suffer from some disease during this period?" or "Did you actually take the medicine X (documented in the chart)?" were added to help the patient recall the medicines taken. If available, we also evaluated all of the medication containers to check for consistency with the self-reported data.
Each patient with statin in the therapy before admission was also interviewed for muscular symptoms (localization, type of pain, severity, time of onset in relation to the pDDI, if the case).
We defined a pDDI as the concomitant use (defined as one or more days of overlap in use) of a statin and another medicine (CYP3A4 inhibitor or not) with the potential of affecting the toxicity of one or both medicines. After identifying all the medicines used concomitantly prior/during hospitallization, pDDIs were identified using the Thomson Micromedex program [23] and ranked accordingly, as contraindicated associations, major, moderate or minor pDDIs.
Statistical analysis
All collected data regarding patients' characterristics, diagnoses, medications and the DDIs detected were analyzed with descriptive statistics. Quantitative data was presented by mean and 95% confidence interval (for normally distributed data), and by median and interquartile ranges (for not normally distributed data). Quantitative data not following the normal distribution was compared using the Mann Whitney U test. For all tests the level of significance used was 0.05, and the two tail p-value was computed. Statistical analysis was performed in R environment for statistical computing and graphics, version 3.2.0 [24] .
RESULTS
Patients' characteristics and prescribed drugs
During the 8 weeks period, we reviewed the charts of 521 patients. Of these, 109 patients were on statin therapy, 86 (79%) being prescribed statin before admission and 40 (37%) during hospitallization (continuing to use the statins prescribed before admission or newly prescribed during hospitalization). The mean age of our patients was 66.6 years and most of them were males (52%). The median length of hospital stay was 7 days, ranging from 3 to 36 days. Patients' characteristics are presented in Table 1 .
The medium number of diagnostics/patient was 5.3, with cardiovascular diseases being the most frequent (in approximately 95% of the patients). The median number of prescribed drugs/patient was 6 (range 0-13) before admission and 5 (range 0-15) during hospitalization (Table 1) . 6 (5) n = number of patients in a given category; SD = standard deviation; CI = confidence interval; IQR = interquartile range
The most prescribed statin was atorvastatin (52 patients), followed by rosuvastatin (41 patients), simvastatin (15 patients) and lovastatin in only 1 patient. Cholesterol values were in the same range for both patients with/without pDDIs (medium value of 187 vs 189). Serum creatinine, urea and gamma glutamyl transferase were significantly higher in patients with pDDIs (p = 0.01, p = 0.005 and p = 0.04, respectively). Other laboratory values of the patients with/without pDDIs are included in Table 2 .
Potential DDIs
In the therapy of the 109 patients, we found 35 pDDIs of statins in 30 (27%) patients. Most of the pDDIs were found in the therapy before admission (27 pDDIs). With regard to the severity, as ranked in Micromedex Drug Interaction checker [23] , most of the pDDIs were moderate (14 pDDIs in the therapy before admission and 6 during hospitalization), followed by major (13 pDDIs before admission and 2 during hospitalization), and no contraindicated associations or minor pDDIs ( Table 2) .
The possible outcome of majority of the pDDIs was targeting the muscular system. Of the total number of pDDIs, 24 (corresponding to 21 patients [19%]) could have affected the muscular system, increasing the risk of muscular disorders.
The drugs most frequently involved in statins' pDDIs were amiodarone (6 pDDIs before admission/4 pDDIs during hospitalization) and fenofibrate (5 pDDIs before admission/1 pDDI during hospitalization).
We identified 12 pDDIs (corresponding to 7 patients [6%]) of statins with CYP3A4 inhibitors (10 with amiodarone, 1 with fluconazole and 1 with verapamil) and 4 pDDIs of statins with colchicine, a CYP3A4 substrate.
pDDIs' outcome
Of the 17 pDDIs (20% of the patients on statin before admission) identified in the therapy before admission that could lead to muscular disorders, 2 resulted in myalgia (Table 3) . A 52 years-old male patient on atorvastatin and fenofibrate reported muscle pain in the lower limbs and hips with moderate to severe intensity enhanced by the physical activity. Likewise, another 57 yearsold male patient with renal failure, taking simvastatin and colchicine, reported mild muscle pain in the lower and upper limbs. The CK levels were not assessed for either of the 2 patients. 
DISCUSSION
The risk factors for statin-induced muscular disorders include, among others, the associations of drugs that may interact with the statins resulting in elevated serum concentration of the statins [10, [14] [15] [16] [17] [18] .
The total number of pDDIs found in our patients was higher before admission (27 pDDIs) compared to the therapy during hospitalization (8 pDDIs) . This could be due to more cautious prescribing during hospitalization on the one hand, and probably due to the prescription of drugs by different prescribers for the same patient in ambulatory settings, on the other hand. The issue of different prescribers for one patient is expected to be attenuated once the health cards, comprising information on patient's disorders and therapy, will be fully functional and will allow the easy access to patient's therapy for each prescriber.
We found that 21 (20%) of the patients had been prescribed statins together with drugs that may increase the risk for muscular disorders (corresponding to 24 pDDIs as 3 patients had pDDIs both before and during hospitalization). Of these, only 1 patient was prescribed an interacting drug for short term usage (CYP3A4 inhibitor, fluconazole), the rest of the patients being on long term therapy with both the statin and the interacting drug.
With regard to the CYP3A4 inhibitors association, 7 (6%) of the patients had been prescribed CYP3A4 metabolized statins (atorvastatin, lovastatin, simvastatin) together with CYP3A4 inhibitors and 5 patients were prescribed rosuvastatin (CYP2C9 metabolization) together with amiodarone (CYP3A4 and CYP2C9 inhibitor). In addition, 4 patients had been prescribed simvastatin or atorvastatin with colchicine (a CYP3A4 substrate). A study performed in the Norwegian prescription database found that in 2006 up to 63% of the statin users were also prescribed one or more CYP3A4 inhibitors, depending on the statin type [25] . Another study from the United Kingdom performed in General Practice Research Database (GPRD) found that in primary care population approximately 30% of the patients that were prescribed a CYP3A4-metabolized statin had also been prescribed a concomitant CYP3A4 substrate/inhibitor [19] .
Among the 17 patients with DDIs that could potentially lead to muscular effects, we found 2 (12%) cases of myalgia. None of the 2 patients had been tested for CK, but we chose to consider these cases as it was already proven that most patients who develop significant muscle weakness and pain on statin therapy have normal CK levels [22] . None of the 2 patients were elderly (52 and 57 years-old), so they did not meet the age risk factor for statininduced muscular effects.
In one case colchicine and simvastatin were used concomitantly which may result in an increased risk of myopathy or rhabdomyolysis. The Summary of Product Characteristics for simvastatin containing drugs specifies that in case these drugs are both necessary in patient's therapy, the patient should be monitored for signs and symptoms of myopathy or rhabdomyolysis. In our case, the patient on simvastatin (20 mg/day) and colchicine (1 mg/ day) had additional risk factors for myopathy: type 2 diabetes, mild renal insufficiency and possibly thyroid dysfunction (thyroid nodules, but no laboratory data for the thyroid function available) that could contribute to the muscle pain.
The other patient with myalgia was on fenofibrate160 mg/day and atorvastatin 20 mg/day. The association of the statins with fenofibrate does not affect the plasma concentration of statins but can also lead to myopathy and rhabdomyolysis through pharmacodynamic additive effects. The association is efficiently used for the treatment of mixed hyperlipidemia by improving the lipids' profile, but it is accompanied with a higher risk for myopathy. Drug interactions of statins and fibrates occur frequently, resulting in a substantial number of myopathy and rhabdomyolysis reports [26] . In addition to the association of the 2 drugs, our patient had impaired liver function with transaminase values elevated almost twice the upper normal limit. It was shown that fibrates may impair liver function independently; therefore the combination statin-fibrates should not be given to patients with impaired liver function [26] .
We also identified other drugs that could interact with statins resulting in clinical outcomes different than muscular effects. We had 4 pDDIs of digoxin used together with atorvastatin which could lead to an increase in plasma concentration of digoxin (up to 20%) and consequently digoxin's adverse reactions [27] , 4 pDDIs of acenocoumarol and rosuvastatin which may result in increase of international normalized ratio (INR) and increased risk of bleeding [28] and 3 pDDIs of carbamazepine and atorvastatin (2 cases) and lovastatin (1 case) that could result in decreased exposure to the statin and consequently a lower efficacy. None of these pDDIs had clinical outcome.
Limitations
One of the limitations is the fact that, our study being of small scale, the results cannot be extrapolated to other medical units as healthcare environments may vary a lot between hospitals and countries. Another limitation could be the possible incomplete medical record documentation at the admission of the patient, which may lead to underestimation of the number of potential DDIs. Partially we countervailed this shortcoming by interviewing each patient regarding all the medicines used before hospitalization. Evaluation of CK levels was not performed in all suspected cases, restricting the characterization of the 2 cases of myalgia.
CONCLUSIONS
The prevalence of statins' pDDIs was high in our study, mostly in the therapy before admission, with only a small number of pDDIs resulting in clinical outcome. The outcome of the DDIs was myalgia, of mild and moderate-to-severe intensity, respectively. Further prospective research on a larger number of patients would allow a more accurate estimation of the pDDIs' prevalence and a causal association between statins' pDDIs and muscular effects.
